The screw triangle method (STM) traditionally used in the field of mechanism design to design a prism to produce a specified image orientation change (IOC) is employed in this study. In comparison with existing methods [Appl. Opt. 45, 3951-3959 (2006); Appl. Opt. 46, 3087-3094 (2007)], the proposed method is both easier and more efficient due to the derivations being fundamentally vectorbased calculations. An illustrated example is used to exhibit the proposed approach.
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1.Theory
It is common knowledge that the orientation change matrixΓ 0 from a coordinate frame (xyz) 0 to another coordinate frame (xyz)' 0 can be fully described by the following 3 × 3 right-handed transformation matrix: (1) In accordance with the STM [5], this matrix can also be achieved by rotating the coordinate frame (xyz) 0 about a unit directional vector through an angleΦ 0 (see Fig. 1 ). In this case, Γ 0 is
where C and S denote cosine and sine, respectively. The rotation motionΓ 0 =rot(m 0 ,Φ 0 ) can be regarded as a product of two successive rotation motions, namely an initial rotationΓ 2 =rot(m 2 ,Φ 2 ) about the unit vector m 2 through an angle Φ 2 followed by a second rotation motionΓ 3 =rot(m 3 ,Φ 3 ) about the unit vector m 3 through an angle Φ 3 (see Fig. 1 ).
The goal of the prism design method developed in the present study is to produce m 3 given an arbitrarily chosen m 2 . Through examination of the screw triangle geometry (see Fig. 2 ) the following relationships (refer to Eqs. (1), (2) and (3) 
The goal in this section of the paper is to devise a prism with the minimum number of reflectors (i.e. n = 4) to create a right-handed IOC merit functionΓ 0 . The motivation is to reduce a prism of more than four flat boundary surfaces to an n=4 prism through the selection of the remaining arbitrary unit vectors. A single prism with n = 4 flat boundary surfaces labeled as i = 1, 2, 3 and 4, respectively, is displayed in In order to find out the IOC, an object coordinate frame (xyz) 0 (referred to as object (xyz) 0 ) must first be established for imaging, with this frame being used to denote the orientation of the object in order to give an easy reference for any ensuing changes in the orientation of the image that are caused by passing through the prism. It must be noted that the assumption that the object (xyz) 0 always emits light rays in the y 0 direction is employed for simplicity. As Fig. 3 shows, the framework (xyz)' 0 represents the orientation of the object image after the light rays pass through the prism. For the majority of prism applications, the light rays enter r 1 perpendicularly and exit perpendicularly from r 4 .
Within these circumstances, the refraction processes which take place at r 1 and r 4 have no effect on the image orientation produced by the other two reflectors. Consequently, once the image has been refracted/reflected by the prism, the IOC can be expressed by the subsequent orthogonal 3 × 3 matrixΓ 0 (denoted as the IOC merit function, see Eq. (13) in [2] ):
where 
Analytically, it is easy to verify that λ=1 andλ=e ± i Φ 0 are the eigenvalues ofΓ 0 if Eq. (2) about the unit vector m 3 through an angle Φ 3 (see Fig. 1 ). Thus, the mathematical expression of the IOC which takes place when an object is reflected by two flat boundary surfaces can be expressed with the following equation:
In fact, Eq. (6) already suggests the existence of Eq. (8). Nevertheless, Eq. (8) proves the viability of using the STM to resolve the prism design dilemma for a right-handed IOC merit functionΓ 0 .
The goal of this study is to establish m 3 given an arbitrarily chosen m 2 . According to [9] , Eq. (3) can be reformulated as:
As previously detailed, the y 0 axis of frame (xyz) 0 is aligned with the direction of the incident chief ray emitted by the object, while the y' 0 axis of (xyz)' 0 is aligned with the output chief ray. In other words, the unit vector b 0 in Eq. (6) points out the direction of the output chief ray. In addition, the unit vector b 0 is perpendicular to the directional vector m 3 , and therefore
Equations (9) and (10) specify that m 3 is the unit common normal vector of and b 0 . As a result, we have
Where m 2 is a given arbitrary unit directional vector. This allows for Φ 2 and Φ 3 to be obtained by substituting m 0 ,m 2 and m 3 into Eqs. (4) and (5), respectively. Using Snell's Law, n 2 can be determined by rotating around a unit vector through an angle (i.e.,
). Likewise, the unit normal vector n 3 of r 3 can be determined from
. With the unit normal vectors of all the flat boundary surfaces having been obtained, i.e. ,n 2 ,n 3 and n 4 =-b 0 , the geometry of the prism is basically defined.
It was described in [2, 3] that three reflectors (i.e., n = 5 if the first and last boundary surfaces are refractive) having unit normal vectors n 2 ,n 3 and n 4 , respectively, are ample to produce an image with an orientation characterized by a left-handed IOC merit function . Upon choosing an arbitrary unit vector n 4 as the unit normal vector of the fourth reflector (i.e. i = 4), the other two reflectors (with unit normal vectors n 2 and n 3 ) produce a right-handed IOC merit function (see Eq. (15) in [3] ). Through application of the design procedures reported previously in this paper for the right-handed IOC merit functionΓ 0 , we can determine the unit normal vectors n 2 and n 3 of the remaining two reflectors, and, as a result, form a prism with three reflectors.
Example: A demonstration of the right-handed merit function that can be used to verify the proposed method is as follows:
The corresponding prism is shown in Fig. 4 
2.Conclusion
In summary, this research has employed the screw triangle method and an eigenvalue algorithm to develop a new methodology for devising a prism which produces a required image orientation change. In comparison with existing methods [1] [2] [3] , the proposed method is simpler and more efficient.
